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1

VARIABLE DISPLACEMENT COMPRESSOR
IMPROVED IN A LUBRICATION
MECHANISM THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to a variable displacement
compressor for use in, for example, a vehicle air conditioner.

In general, variable displacement compressors are used in
vehicle air conditioners. One of the compressors of this type
is described in, for example, Japanese Second (examined)
Pat. Publication No. 4-74549.

The disclosed compressor is called a wobble plate type
variable displacement compressor. The compressor has a
compressor casing defining a crank chamber therein. A rotor
is disposed in the crank chamber and mounted on a main
shaft. A swash plate is attached to the rotor via a hinge
mechanism. The main shaft passes through the swash plate.
Specifically, a sleeve is attached to the swash plate and
receives the main shaft therethrough. A space is formed
between an outer periphery of the sleeve and an inner
periphery of the swash plate so that an inclination of the
swash plate relative to the main shaft can be changed by
means of the hinge mechanism.

A wobble plate is rotatably mounted on the swash plate
via a bearing. A plurality of piston rods are coupled to the
wobble plate through ball connection. The compressor cas-
ing is formed with a plurality of cylinders which are
arranged at regular intervals so as to surround the main shaft.
Each of the piston rods is coupled through ball connection
to corresponding one of pistons disposed in the respective
cylinders. In the crank chamber, a guide rod is supported by
the compressor casing so as to extend in parallel to the main
shaft. The guide rod is sandwiched by an end portion of the
wobble plate so that the end portion of the wobble plate can
wobble relative to the guide rod in an axial direction of the
main shaft.

Following the rotation of the main shaft, the rotation of
the rotor is transmitted to the swash plate so that the wobble
plate wobbles to cause the pistons to make reciprocating
motions. In this fashion, the compressing operation is car-
ried out. As described above, since the inclination of the
swash plate relative to the main shaft is changeable by
means of the hinge mechanism, the piston stroke can be
changed by controlling the inclination of the swash plate,
thereby to change the compression displacement of the
COMpIessor.

In the foregoing wobble plate type variable displacement
compressor, an open/close valve is provided in an air feed
passage extending from a discharge chamber to the crank
chamber for opening and closing the air feed passage so as
to control a suction pressure at a given value. A bleed
passage is further provided for constantly allowing dis-
charge gas having flowed into the crank chamber through the
air feed passage to escape into a suction chamber.

In the foregoing wobble plate type variable displacement
compressor, when, for example, the suction pressure is
higher than a set value of the open/close valve, the open/
close valve is held closed so that the gas in the discharge
chamber is not at all fed into the crank chamber while
blowby gas introduced upon gas compression flows into the
suction chamber via the bleed passage. Thus, a pressure
differential between the crank chamber and the suction
chamber is very small to cause the compressor to be oper-
ated at the maximum displacement.

In that event, lubrication of machine parts in the crank
chamber relies on oil staying in the crank chamber.
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2

However, since the oil staying in the crank chamber is
splashed to the inner periphery of the crank chamber due to
centrifugal forces generated by the rotation of the main shaft
and the swash plate, the lubrication of the bearings and the
sliding portions near the main shaft becomes insufficient.
Thus, depending on the compressor operating condition and
the oil stay amount, abrasion or breakage of those machine
parts may be caused.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a variable displacement compressor which can carry out
sufficient lubrication of machine parts including a bearing
and a sliding portion near a main shaft.

Other objects of the present invention will become clear
as the description proceeds.

A variable displacement compressor to which this inven-
tion is applicable comprise a compressor housing defining
therein a crank chamber, a discharge chamber, and a suction
chamber, a main shaft rotatably supported by the compressor
housing, a swash plate disposed in the crank chamber and
connected to the main shaft to have a variable inclination
relative to the main shaft in accordance with a pressure
differential which is between the crank chamber and the
suction chamber, and a piston coupled to the swash plate for
reciprocating in accordance with rotation of the main shaft
to displace a fluid from the suction chamber to the discharge
chamber in dependence of the variable inclination. Accord-
ing to this invention, the compressor further comprises a first
communication passage for establishing communication
between the crank chamber and the suction chamber, a first
orifice with a fixed opening provided in the first communi-
cation passage, a second communication passage for estab-
lishing communication between the discharge chamber and
the crank chamber, a pressure control valve coupled to the
second communication passage for adjusting pressure of the
crank chamber, a third communication passage for estab-
lishing communication between the discharge chamber and
the crank chamber, the third communication passage bypass-
ing the second communication passage, and a second orifice
with a fixed opening provided in the third communication
passage.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a sectional view showing a variable displace-
ment compressor according to a first preferred embodiment
of the present invention;

FIG. 2 is a diagram showing a pressure control charac-
teristic of a pressure control valve shown in FIG. 1;

FIG. 3 is sectional view showing a variable displacement
compressor according to a second preferred embodiment of
the present invention; and

FIG. 4 is a sectional view showing a variable displace-
ment compressor according to a third preferred embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, description will be made as regards
a variable displacement compressor according to the first
preferred embodiment of the present invention.

The compressor comprises a compressor casing 1 having
a through hole at the center thereof. A main shaft 2 is
inserted into this through hole and rotatably supported by the
casing 1 via bearings 1a and 1b.
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The casing 1 defines therein a crank chamber 3 wherein
a rotor 4 is mounted on the main shaft 2. A swash plate 5 is
coupled to the rotor 4 via a hinge mechanism 41. The main
shaft 2 passes through the swash plate 5 such that the swash
plate § abuts the main shaft 2 at an inner periphery thereof
so as to be slidable relative to the main shaft 2. An inclina-
tion of the swash plate 5 relative to the main shaft 2 can be
changed by means of the hinge mechanism 41.

A wobble plate 6 is rotatably mounted on the swash plate
5 via two bearings 51 and 61. A plurality of piston rods 7 are
coupled to the wobble plate 6 through ball connection. The
casing 1 is formed with a plurality of cylinders 8 which are
arranged at regular angular intervals so as to surround the
main shaft 2. Each of the piston rods 7 is coupled through
ball connection to corresponding one of pistons 9 disposed
in the respective cylinders 8.

In the crank chamber 3, a guide rod 10 is supported by the
casing 1 so as to extend in parallel to the main shaft 2. The
guide rod 10 is sandwiched by an end portion of the wobble
plate 6 so that the end portion of the wobble plate 6 can
wobble relative to the guide rod 10 in an axial direction of
the main shaft 2.

To a right end surface in the figure of the casing 1, a
cylinder head 12 is attached via a valve plate 11 interposed
therebetween, so as to close a right-side open end of the
casing 1. The casing 1 and the cylinder head 12 constitute a
compressor housing. The cylinder head 12 is formed with a
suction chamber 13 and a discharge chamber 14. The suction
chamber 13 communicates with a suction port 134, while the
discharge chamber 14 communicates with a discharge port
(not shown). The valve plate 11 is formed with suction holes
1la and discharge holes 11b. The suction chamber 13 and the
discharge chamber 14 communicate with the cylinders 8 via
the suction holes 11a and the discharge holes 11b, respec-
tively.

At the center of the valve plate 11, a suction valve (not
shown), a discharge valve (not shown) and a valve retainer
15 are fixedly mounted by means of a bolt 16 and a nut 17.

In a first communication passage 18 extending from the
crank chamber 3 to the suction chamber 13 via gaps between
the main shaft 2 and the bearing 1b, a first orifice 19 with a
fixed opening is provided so that the amount of gas flowing
out from the crank chamber 3 into the suction chamber 13
is controlled by the first orifice 19.

On the other hand, a pressure control valve 21 is disposed
in a second communication passage 20 establishing com-
munication between the discharge chamber 14 and the crank
chamber 3. By open/close controlling the pressure control
valve 21, the amount of discharge gas introduced from the
discharge chamber 14 into the crank chamber 3 is adjusted.

The compressor further comprises a third communication
passage 22 which is for establishing communication
between the discharge chamber 14 and the crank chamber 3
to bypass the second communication passage The third
communication passage 22 is placed adjacent to the main
shaft 2 and extends substantially parallel to the main shaft 2.

Asecond orifice 23 with a fixed opening is provided in the
third communication passage 22. A filter 24 is disposed at an
inlet side of the second orifice 23.

Now, the description will be directed to a structure of the
pressure control valve 21.

The pressure control valve 21 comprises a valve member
211 for opening and closing the communication passage 20
and a bellows 212. The inside of the bellows 212 is under
vacuum and provided with a spring. The bellows 212 is
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4

sensitive to a pressure in the suction chamber 13 via a
communication passage 25. A transfer rod 213 is attached to
the bellows 212 and operates the valve member 211 in
response to expansion and contraction of the bellows 212 so
as to open and close the communication passage 20. As seen
from the figure, the valve member 211 is biased by a spring
214 in a direction to close the communication passage 20. A
filter 215 is further provided at an inlet side of the valve
member 211. Accordingly, the pressure control valve 21
carries out an open/close control of the valve member 211 in
response to the pressure in the suction chamber 13 moni-
tored by the bellows 212. The pressure control valve 21 has
a pressure control characteristic as shown, for example, in
FIG. 2, wherein a suction pressure (Ps) linearly decreases as
a discharge pressure (Pd) increases. In the pressure control
characteristic shown in FIG. 2, when the discharge pressure
is 15 kg/cm>G, the suction pressure becomes 1.7 kg/cm*G.

Referring to FIG. 2 together with FIG. 1, the description
will be made as regards an operation of the variable dis-
placement compressor.

In the state wherein the compressor is stopped, the pres-
sures in the refrigeration circuit are balanced. For example,
given that a balance pressure is 6 kg/cm>G, since the balance
pressure is higher than the pressure control characteristic
shown in FIG. 2, the bellows 212 is contracted so that the
valve member 211 closes the communication passage 20.

If the compressor is started from the foregoing state, since
the pressure control valve 21 is closed, the discharge gas is
introduced into the crank chamber 3 only through the second
orifice 23. In consideration of the amount of discharge gas
introduced via the second orifice 23 and the amount of
blowby gas introduced upon gas compression by the pistons
9, an open area of the first orifice 19 is set to a value which
does not cause a pressure loss at the first orifice 19.
Therefore, a pressure differential between the crank chamber
3 and the suction chamber 13 does not increase to a level
which changes the inclination of the swash plate 5, and thus,
the inclination of the swash plate 5 becomes maximum to
operate the compressor at the maximum piston stroke.

In this state, since the discharge gas is constantly intro-
duced into the crank chamber 3 via the second orifice 23,
lubrication is carried out by the oil contained in the dis-
charge gas flow with respect particularly to sliding portions
between the wobble plate 6 and a balance ring 26, a bearing
61 and a bearing 51.

When the pressure in the suction chamber 13 reaches a
given value (for example, 1.7 kg/cm®G in FIG. 2), the
bellows 212 expands so that the transfer rod 213 pushes up
the valve member 211 to open the communication passage
20. Thus, a large amount of the discharge gas flows into the
crank chamber 3. However, since a large amount of the gas
in the crank chamber 3 can not escape into the suction
chamber 13 via the first orifice 19, the pressure in the crank
chamber 3 increases. Specifically, a pressure differential
between the crank chamber 3 and the suction chamber 13
increases to diminish the inclination of the swash plate 5,
thereby to reduce the piston stroke.

Following the reduction in piston stroke, the pressure in
the suction chamber 13 starts to increase. Then, the bellows
212 is contracted to operate the valve member 211 in a
direction to close the communication passage 20. Hence, the
introduction amount of the discharge gas from the discharge
chamber 14 into the crank chamber 3 is reduced so that a
pressure differential between the crank chamber 3 and the
suction chamber 13 is diminished to increase the inclination
of the swash plate 5. This enlarges the piston stroke.
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In the foregoing fashion, the opening degree of the valve
member 211 is controlled to converge the pressure in the
suction chamber 13 to a set pressure of the pressure control
valve 21, thereby to control the discharge displacement of
the compressor.

Referring now to FIG. 3, the description will be made as
regards a variable displacement compressor according to the
second preferred embodiment of the present invention. The
variable displacement compressor comprises similar parts
designated by like reference numerals.

The compressor further comprises an additional discharge
chamber 14' also defined by the compressor casing 1 at an
upper portion thereof. The additional discharge chamber 14'
is connected to the first-mentioned discharge chamber 14
through a discharge passage 27. A discharge port 27' is
connected to the additional discharge chamber 14'. The
discharge gas is discharged from the compressor through the
discharge chamber 14, the discharge passage 27, the addi-
tional discharge chamber 14/, and the discharge port 27' in
the order named. In this event, the additional discharge
chamber 14' serves as a muffler chamber known in the art.

In the manner known in the art, a shaft seal unit 28 is
interposed between the compressor housing 1 and the main
shaft 2 for substantially preventing the crank chamber 3
from be communicated with an external area of the com-
pressor. A local passage 29 is formed in the compressor
housing 1 to extend from the lowermost portion of the
additional discharge chamber 14' to a portion which is
between the bearing 1a and the shaft seal unit 29.

The filter 24 and the second orifice 23 are provided to the
local passage 29. The oil contained in the discharge gas
flows into the local passage 29 through the filter 24 and the
second orifice 23 and then is supplied to the bearing 1a and
a bearing 42 in the order named. So that, machine parts of
the compressor are constantly lubricated with the oil con-
tained in discharge gas. A combination of the discharge
passage 27, the additional discharge chamber 14/, the local
passage 29, the bearings 1a and 42 is referred to as a third
communication passage.

In the foregoing preferred embodiments, the present
invention is applied to the wobble plate type variable
displacement compressor. However, the present invention is
also applicable to a single swash plate type variable dis-
placement compressor.

Referring now to FIG. 4, the description will be made as
regards a variable displacement compressor according to the
third preferred embodiment of the present invention. The
shown compressor is so-called a single swash plate type
variable displacement compressor and comprises similar
parts designated by like reference numerals.

In the single swash plate type variable displacement
compressor, pistons 9 are directly coupled to a swash plate
5. Specifically, a pair of sliding shoes 5a are attached to both
sides of the swash plate 5. Each of the sliding shoes 5a has
a spherical surface. The piston 9 has at one end thereof a
holding portion 9a which holds the pair of sliding shoes 5a
in a sandwiched fashion so as to be slidable on the surfaces
of the sliding shoes Sa. With this arrangement, when the
swash plate 5 rotates following the rotation of a rotor 4, the
rotation of the swash plate § is converted into reciprocating
motions of the pistons 9. The piston stroke is proportional to
the inclination of the swash plate S.

The variable displacement compressor uses a pressure
control valve 21 which is operated by an external signal. The
shown pressure control valve 21 is provided with a valve
member 211 for opening and closing the communication
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passage 20, and further provided with a bellows 212. The
inside of the bellows 212 is under vacuum and provided with
a spring. The bellows 212 is sensitive to a pressure in a
suction chamber 13 via a communication passage 25. A
transfer rod 213 is attached to the bellows 212 and operates
the valve member 211 in response to expansion and con-
traction of the bellows 212 so as to open and close the
communication passage 20.

The pressure control valve 21 is further provided with an
electromagnetic coil 21a confronting the bellows 212, and a
plunger 21b surrounded by the electromagnetic coil 21a.
The plunger 21b is slidable relative to the electromagnetic
coil 21a and fixed with a transfer rod 21c at its tip. The
plunger 215 is provided with a spring 214 so that the transfer
rod 21c¢ presses the valve member 211 in a closing direction
depending on an electromagnetic force of the electromag-
netic coil 21a and a biasing force of the spring 21d.

Specifically, the pressure control valve 21 carries out an
open/close control of the valve member 211 in response to
the pressure in the suction chamber 13 monitored by the
bellows 212. And, a set pressure of the pressure control
valve 21 changes depending on the amount of current
supplied to the electromagnetic coil 21a.

In the variable displacement compressor shown in FIG. 4,
circulation of the oil is the same as that in the compressor
shown in FIG. 3 so that explanation thereof is omitted.

In each of the foregoing preferred embodiments, the
discharge chamber and the crank chamber constantly com-
municate with each other via the second orifice provided in
the third communication passage, even when the pressure
control valve is fully closed. Therefore, the discharge gas in
the discharge chamber constantly flows into the crank cham-
ber so as to lubricate the inside of the crank chamber,
including the bearings and the sliding portions near the main
shaft, by the oil contained in the discharge gas flow. Thus,
breakage of the bearings or abrasion of the sliding portions
can be prevented. Further, by forming the third communi-
cation passage so as to extend from the discharge chamber
to the crank chamber via the shaft seal unit of the main shaft,
it is possible to feed the oil to the shaft seal unit.

What is claimed is:

1. A variable displacement compressor comprising a
compressor housing defining therein a crank chamber, a
discharge chamber, and a suction chamber, a main shaft
rotatably supported by said compressor housing, a swash
plate disposed in said crank chamber and connected to said
main shaft to have a variable inclination relative to said main
shaft in accordance with a pressure differential which is
between said crank chamber and said suction chamber, and
a piston coupled to said swash plate for reciprocating in
accordance with rotation of said main shaft to displace a
fluid from said suction chamber to said discharge chamber
in dependence of said variable inclination, said compressor
comprising:

a first communication passage for establishing commu-
nication between said crank chamber and said suction
chamber;

a first orifice with a fixed opening provided in said first
communication passage;

a second communication passage for establishing com-
munication between said discharge chamber and said
crank chamber;

a pressure control valve coupled to said second commu-
nication passage for adjusting pressure of said crank
chamber;

a third communication passage for establishing commu-
nication between said discharge chamber and said
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crank chamber, said third communication passage
bypassing said second communication passage; and

a second orifice with a fixed opening provided in said
third communication passage;

wherein said main shaft penetrates said compressor
housing, and said compressor further comprising a
bearing for permitting said main shaft to smoothly be
rotated, said third communication passage extending
from said discharge chamber to said crank chamber via
said second orifice and said bearing.

2. A variable displacement compressor as claimed in
claim 1, wherein said third communication passage is placed
adjacent to said main shaft and extends substantially parallel
to said main shaft.

3. A variable displacement compressor as claimed in
claim 1, further comprising a shaft seal unit interposed
between said compressor housing and said main shaft for
substantially preventing said crank chamber from commu-
nicating with an external area of said compressor, said third
communication passage having a part extending from said
discharge chamber to a portion which is between said shaft
seal unit and said bearing.

4. A variable displacement compressor as claimed in
claim 1, wherein said third communication passage com-
prises:
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a muffler chamber defined by said compressor housing;

a discharge passage for establishing communication
between said discharge chamber and said muftler
chamber; and

a local passage for establishing communication between

said muffler chamber and said bearing.

5. A variable displacement compressor as claimed in
claim 4, wherein said second orifice is attached to said local
passage.

6. A variable displacement compressor as claimed in
claim 1, wherein said pressure control valve is responsive to
pressure of said suction chamber to control said second
communication passage.

7. A variable displacement compressor as claimed in
claim 1, wherein said pressure control valve is responsive to
an external signal to control said second communication
passage.

8. A variable displacement compressor as claimed in
claim 1, wherein said compressor further comprises a bear-
ing for permitting said main shaft to smoothly be rotated,
and wherein said first communication passage extends from
said crank chamber to said suction chamber via a gap
between said main shaft and said bearing.



